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Lyme disease is a bacterial infection spread through the bite of an infected tick. In the last few decades,
the number and spatial reach of new cases has increased globally and in the United States, Lyme disease
is now the most commonly reported vector-borne disease. Despite this evolving public health crisis,
there has been little-to-no discussion of the implications for tourism supply and demand. This paper
reviews the scientific literature to identify Lyme disease risk factors and the implications for tourism
management are discussed. The major contribution of this paper is a set of recommendations for tourism
managers who may be tasked with mitigating the risks for visitors and employees as well as the potential
impacts of Lyme disease on destination sustainability.
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1. Introduction

Lyme disease is the world's fastest growing vector-borne zoo-
notic disease with cases reported in over 60 countries and endemic
foci in North America, Europe, and Asia (WHO, 2013). The World
Health Organization (WHO, 2013) reports that the risk is generally
low except for those travelling to rural areas, particularly campers,
hikers, and workers in countries or areas at risk. However, this
assessment may give a false sense of security for people working or
travelling in areas where the risk of Lyme disease is uncertain and it
may breed complacency amongst those responsible for occupa-
tional, travel, or public health.

The northeastern United States is traditionally defined as the
endemic global center for Lyme disease and the public health risk is
highest in this area. In 1982, systematic surveillance for Lyme dis-
ease was initiated by the U.S. Centers for Disease Control and Pre-
vention (CDC, 2013a), with 11 states reporting 491 cases. In 1990 a
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standardized case definition was approved and by 2012, the num-
ber of cases reported had increased over 200 percent (CDC, 2013b;
Ciesielski et al., 1989). The CDC (2013a) states that only 10 percent
of Lyme disease cases are being recorded which translates into
approximately 300,000 estimated cases in the United States each
year (Fig. 1). A majority (95 percent) have been concentrated in the
northeast, yet cases have been reported in every state and in many
countries around the world and their geospatial analysis reveals
that Lyme disease has extended well beyond traditionally defined
endemic areas (CDC, 2013b; Diuk-Wasser et al., 2012). Lyme disease
case rates have been increasing exponentially at the global scale
while in the United States it has become the number one and most
medically significant vector-borne infectious disease (Abbott, 2006;
Piesman & Eisen, 2008). While it is possible to surmise that better
diagnostics and increased reporting are responsible for case rate
trends in the United States and other parts of the world, case rates
vary because of social, environmental, and economic variables such
as climate and ecological change, tick and host species range
expansion, human demographics and behaviour, land use patterns,
clinical practice, disease reporting standards, surveillance tech-
nologies, and true incidence (Daniels, Falco, Schwartz, Varde, &
Robbins, 1997; Grenfell & Harwood, 1997; Horowitz et al., 2013).
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Fig. 1. Annual Lyme disease cases in the United States 1982—2012.

Lyme disease is caused by Borrelia burgdoferi — a bacterial
pathogen transmitted to humans through the bite of an infected
tick. The pathogen is sylvatic; meaning that it cycles between wild
animal hosts and vectors. Humans are not the primary host and as
such are usually incidental or dead-end hosts. Although the
symptoms have been observed since the 19th century, it has only
been 30 or so years since the etiological agent and the primary
vector(s) for Lyme disease were recognized and their medical sig-
nificance reported. The infection is characterized by a distinctive
bull's eye rash that occurs in 60—80 percent of patients (CDC, 2011).
From the early symptoms of fever, headache, muscle and joint pain
to the more serious symptoms such as cognitive impairment, car-
diac abnormalities, arthritis, and paralysis, the impacts on indi-
vidual health are noteworthy (WHO, 2012). Diagnosis is completed
through a clinical examination and confirmed through serological
tests and treatment consists of oral or intravenous antibiotics.
Currently, there is no vaccine available for human use but several
are available for veterinary use (Willadsen, 2006).

Although the medical and scientific communities have been
pursuing the problem for years, tourism has been slow to recognize
that Lyme disease can affect both tourism supply and demand. In the
supply context, outdoor workers in endemic areas are at increased
risk because of their frequent exposure to ticks and tick habitat
(Piacentino & Schwartz, 2002). Antecedent studies have established
that outdoor workers are up to 10 times more likely to be infected
than the general population (Bowen, Schulze, Hayne, & Parkin,
1984; Smith et al., 1988). Given that a proportion of individuals
employed in the tourism, parks, and outdoor recreation sectors are
required to spend some to all of their time working outdoors, the
potential threat to individual and industry health is cause for
concern. For those infected, days to weeks of sick time may be
required to complete treatment and the medical costs can be sig-
nificant. In addition to the social costs, the U.S. Department of Labor
reports that workplace illnesses have a major impact on an em-
ployer's economic sustainability and profit margin. The annual
number of nonfatal illnesses has been estimated at 430,000 with
direct cost of $12 billion and indirect costs of approximately $100
billion (Leigh, 2011). Direct costs include workers' compensation
payments, and it is estimated that employers pay $1 billion per
week for direct workers' compensation costs (U.S. Department of
Labor, 2014). Workers' compensation covers less than 25 percent
of these costs, so all members of society share the economic burden.
Indirect costs include but are not limited to training replacement
employees, implementation of corrective measures, lost

productivity, and costs associated with lower employee morale and
absenteeism. The direct medical costs associated with Lyme disease
in the United States are estimated at 2.5 billion dollars annually but
the true cost of Lyme disease is the profound impacts on personal
health and well-being (Maes, Lecomte, & Ray, 1999; Magnarelli,
2009; Zhang et al., 2006).

From a demand perspective, the WHO reports that the risk to
those travelling to endemic areas of the world is generally low but
nonetheless, they warn travellers to avoid tick-infested areas and
tick exposure on their dedicated Lyme disease webpage for inter-
national travellers (http://www.who.int/ith/diseases/lyme/en).
When outdoor activities are planned during a trip to an endemic
area for tick-borne disease, a tourist is at risk and the WHO's
assessment can be misleading (Falco & Fish, 1989; Hayes, 2010;
Raoult et al., 2001; Smith et al., 1988). Their risk can be magnified
because tourists may not have all of the necessary information or
access to resources that would enable them to make informed
decisions regarding Lyme disease prevention before and during
travel (Jonas, Mansfeld, Paz, & Potasman, 2011; Kelly-Hope, Purdie,
& Kay, 2002). For tourists who are aware of health risks before
choosing a destination, Sonmez and Graefe (1998) and Kozak,
Crotts, and Law (2007) report that perceived risk can be a strong
predictor for avoiding certain regions or changing travel plans.
Dixon et al. (2010) report that the macroeconomic consequences of
a health threat or crisis are highly sensitive to demand-side effects
such as the reductions in international tourism and leisure activ-
ities that result from elevated risk perceptions. For example, during
the severe acute respiratory syndrome (SARS) pandemic, traveller's
health risk perceptions had a significant effect on international
tourism demand. Over 8000 cases and 774 deaths in 26 countries
were reported in 2003 with a majority of cases occurring in Asia
(WHO, 2004). The initial spread of SARS was exponential with
predictive models showing that if uncontrolled, a majority of
people would become infected wherever it was introduced (Dye,
2003). Air travel to areas affected by the advisories decreased
dramatically during the epidemic (Kuo, Chen, Tseng, Ju, & Huang,
2008; Zeng, Carter, & De Lacy, 2005). In East Asia, tourist arrivals
dropped by 41 percent during the month of April compared to the
same period in 2002, with China, Hong Kong, Singapore, and
Vietnam reporting the greatest losses (Pine & McKercher, 2004;
Wilder-Smith, 2006). Growth of the broader travel and tourism
economy, which measures visitor spending and capital investment
around the world, slowed to 2.9 percent down from 5 percent in
previous years and international arrivals fells 1.2 percent (World
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Travel and Tourism Council, 2003). While Lyme disease is certainly
not a pandemic and it cannot be spread person to person, like SARS
and other infectious disease risks, it can prompt fear and anxiety
that most certainly can affect a traveller's perceptions and by
extension; it can affect their travel choices and behaviours
(Birnbrauer, Pennington-Gray, & Donohoe, 2013).

Herrington's (2004) national survey of American risk percep-
tions regarding ticks and Lyme disease found perceived risk to be a
predictor of behavioural change. Those who had seen ticks, had
heard about Lyme disease, were concerned about being bitten, or
knew someone who had Lyme disease were more likely to engage
in tick-bite prevention such as avoiding tick habitat and wearing
insect repellent. Brewer et al.'s (2004) research confirms that
higher risk judgements encourage people to engage in protective
behaviour, indicating a causal relationship between perceived risk
and behaviour modification. Although empirical research has yet to
confirm as much, Lyme disease beliefs and attitudes have likely
been having an impact on the decision-making processes and be-
haviours of outdoor workers, recreationists and travellers (Hanson
& Edelman, 2003). Knowing that Lyme disease poses a real and
growing threat to the tourism industry, the purpose of this paper is
to first, review the scientific literature to identify Lyme disease risk
factors and second, to critically assess the implications for tourism
management.

2. Literature review

A search for scholarly journal articles about Lyme disease was
performed using PubMed, ProQuest Global, and Google Scholar on
July 6, 2013. The search parameters were narrowed to identify ar-
ticles where “Lyme disease” occurred in the title then additional
words were added to winnow down the results to relevant articles:
“travel”, “tourism”, “recreation(al)”, “park(s)”, “occupation(al)”,
“risk”, and “prevention” (Table 1). No temporal restrictions were
used. After removing duplicates, 132 unique scholarly articles were
identified and reviewed.

The search for articles with “Lyme disease” and “travel” or
“tourism” resulted in O articles in all three search engines. The fact
that Lyme disease has not been examined in the context of tourism
and travel is no surprise because the tourism domain has not
traditionally focused the research lens on health risks. There is a
research and knowledge gap regarding health risk generally and
Lyme disease specifically, as well as their potential and real impacts
on the tourism industry. It should be noted that a similar PubMed
search using “tick-borne disease” and “tourism” yielded 15 papers
dealing with other tick-borne diseases that occur independent of or
in conjunction with Lyme disease. Anaplasma, Babesia, Bartonella,
Ehrlichia, and Rickettsia for example, may be just as significant as
Lyme disease in some parts of the world yet they are equally

Table 1
Journal article search results.

Lyme disease = PUBMED ProQuest global Google scholar Total (duplicates

3524 5095 3840 removed)

AND

Tourism 0 0 0 0
Travel 0 0 0 0
Recreation(al) 1 3 4 4
Park(s) 2 7 4 7
Occupation(al) 1 3 3 3
Work(er) 1 12 12 12
Risk(s) 26 57 68 68
Prevention 3 57 82 82
Total (duplicates removed) 132

*Google results include articles only, no citations or patents.

underappreciated in the travel and tourism context. These papers
were consulted in the preparation of this paper and they are also
included in the analysis that follows.

When “recreation/al” and “parks” was added to the search, 7
articles were identified, 5 of which were case or exploratory studies
of Ixodes scapularis tick populations and their hosts in select rec-
reational parks in Canada (Morshed, Scott, Fernando, Mann, &
Durden, 2003; Scott et al., 2008), Italy (Curioni et al., 2004), and
the United States (Daniels et al., 1997; Falco & Fish, 1989; Lane et al.,
2006). Two articles surveyed parks visitors (Hallman, Weinstein,
Kadakia, & Chess, 1995) and recreational destination workers
(Rees & Axford, 1994) about their Lyme disease knowledge, tick-
exposure, tick-bite prevention behaviours and/or clinical history
with the disease. Of the 13 articles where “occupation(al)” or
“work(er)” appeared, the majority were seroprevalence studies of
individuals working in the forestry, parks, land management, and
agricultural sectors in various locations around the world (e.g.
Cisak, Wojcik-Fatla, Zajac, Sroka, & Dutkiewicz, 2012; Goldstein
et al., 1990; Guy, Bateman, Martyn, Heckels, & Lawton, 1989;
Nakama, Muramatsu, Uchikawa, & Yamagishi, 1994; Smith et al.,
1988; Stanchi & Balague, 1993). One study from the United States
reported the results of a survey of workers regarding their knowl-
edge of Lyme disease and their behaviour regarding tick-bite pre-
vention (Schwartz & Goldstein, 1990) and one article provided a
comprehensive review of the occupational risks (Piacentino &
Schwartz, 2002). Over 60 articles were found that contained
“Lyme disease” and “risk” in the title. A majority of these articles
assumed a natural science perspective (i.e. epidemiology, medicine,
microbiology, and zoology) and reported on the spatial and tem-
poral factors affecting ticks, the causative agent — the Borrelia
pathogen(s), host species, environment, and human exposure (e.g.
Allan, Keesing, & Ostfield, 2003; Glass et al., 1995; Guerra et al.,
2002; Mabher, Nicholson, Donnelly, & Matyas, 1996; Ogden et al.,
2008). A minority of the papers focused on behavioural risks and
areview of these papers revealed a consensus that human exposure
to ticks is the central risk factor for infection (e.g. Diuk-Wasser et al.,
2012; Fish, 1995) while knowledge and prevention act as risk me-
diators (e.g. McKenna, Faustini, Nowakowski, & Wormser, 2004;
Smith, Wileyto, Hopkins, Cherry, & Maher, 2001). Articles that
contained the key word “prevention” did so primarily as a recom-
mendation for public agencies responsible for reducing the burden
of infection. Piesman and Eisen (2008) and Poland (2001) provide a
review of Lyme and tick-borne disease prevention strategies and
Mowbray, Amlot, and &Rubin (2012) provide a review of education
and communication interventions to prevent tick-borne disease. A
critical synthesis of this body of research was completed to identify
Lyme disease risk factors as they have potential implications for
tourism management. It is the aforementioned factors — exposure,
knowledge, and personal protection behaviour - that comprise the
discussion in the sections that follow.

3. Results
3.1. Tick exposure

L. scapularis or the blacklegged tick is the primary vector for
Lyme disease in the United States. In the United States and other
areas of the world, dozens of tick species have been implicated in
the spread of Lyme and Lyme-like Borrelia pathogens to humans
and animals (e.g. Barbour, Maupin, Teltow, Carter, & Piesman, 1996;
Burgdorfer, 1984; Clark, 2004; Clark, Leydet, & Hartman, 2013;
Harrison et al., 2010; Mather & Mather, 1990; Nakao, Miyamoto,
& Fukunaga, 1994; Piesman & Sinsky, 1988; Piesman, Clark,
Dolan, Happ, & Burkot, 1999). Epidemiological studies have
explored the relationship between ticks, climate, seasonality, host
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species, and disease risk in a variety of local or regional contexts
(e.g. Estrada-Pena, 2003; Sumilo et al., 2008; Wielinga et al., 2006).
Predictive models have been developed using remote sensing,
satellite imagery, geographical information systems, and advanced
statistical analysis (e.g. Daniels et al., 1997; Diuk-Wasser et al., 2012;
Werden et al., 2014). The research indicates that vegetation and
climate are the two central predictors of suitable/unsuitable habi-
tats for tick species and it is therefore possible to identify high-risk
areas and potential emergent areas for Lyme disease. The areas
with the highest risk for human exposure are those that contain
suitable tick habitat, ticks capable of transmitting the Lyme disease
pathogen, and have high host activity (Gray et al., 1998; Schulze,
Jordan, & Hung, 1995).

Empirical approaches have laid the groundwork for a better
understanding of the relationship between environmental factors
and tick distribution. However, they fail to account for the vital role
that human behaviour plays in the disease transmission process.
The global increase in interaction between humans and wildlife
through population growth, economic development, and an
increasingly mobile society that brings people into endemic areas
for work and leisure is amplifying personal risk (Kollaritsch et al.,
2011; Quine et al., 2011; Rizzolli, Hauffe, Vourc'h, Neteler, & Rosa,
2011). The rapid expansion of the tourism industry and air travel
is of concern as the importation of pathogens and vectors by
travellers (purposefully or not) and specifically ticks and tick-borne
disease pathogens is a real threat to human and ecological health
(e.g. Daugschies, 2001; Hall, 2006; Holzer, 2005; Schuster et al.,
2008).

European case reports demonstrate statistical relationships be-
tween outdoor recreation in tick-infested forests and tick-borne
disease infection (e.g. Daniel, Danielova, Kiiz, Jirsa, & Nozicka,
2003; Kahl & Radda, 1988; Sumilo et al., 2008). Early case studies
in the United States failed to show a significant increase in risk
associated with outdoor recreation (e.g. Bowen et al, 1984;
Ciesielski et al., 1989; Falco & Fish, 1989) but Smith et al.'s (1988)
research found that persons who had spent more than 30 h per
week in outdoor activities in endemic areas were 2.5 times more
likely to test positive for Lyme disease. Since the 1980s, a small
body of literature has evaluated the occupational risk for Lyme
disease. In New York, Schwartz and Goldstein et al. (1990)
confirmed that Lyme disease is a hazard of outdoor work and a
study in New Jersey found that outdoor workers were nearly five
times more likely to have contracted Lyme disease than indoor
workers (Bowen et al., 1984). In the broader international and tick-
borne disease contexts, the research shows similar relationships
between tick exposure and infection. In Lithuania, Motiejunas,
Bunikis, Barbour, & Sadziene (1994) report that those at highest
risk for a tick-borne disease (established through seropositivity
testing) are outdoor workers (32 percent tested positive/N = 6187).
Recent case studies in Europe (e.g. Bartosik, Sitarz, Szymanska, &
Buczek, 2011; Bochnickova & Szilagyiova, 2011; Franke,
Hildebrandt, Meier, Straube, & Dorn, 2011; Jameson & Medlock,
2011) confirm that ticks, Lyme and other tick-borne disease path-
ogens are common across Europe and they pose a significant
occupational risk to outdoor workers. Two studies in Poland
involving serological testing of both ticks and humans confirmed
that those who perform work in forest environments are regularly
exposed to tick-borne disease pathogens and as such, are at a
higher risk of infection. Two Dutch studies of Lyme disease sero-
prevalence in outdoor workers showed a statistically significant
risk (OR, 3.7; 95 percent CI, 1.5—-9.7 and OR, 15.0; 95 percent CI,
5.5—42.0) relative to the control group (Kuiper et al., 1991; van
Charante, Groen, Mulder, Rijpkema, & Osterhaus, 1998). In 2002,
Piacentino and Schwartz published a meta-analysis of articles on
the occupational risk of Lyme disease and report that the scientific

evidence demonstrates that those who work outdoors in endemic
areas are at an increased risk for contracting Lyme disease because
of their exposure to ticks. It is evident in this body of literature that
exposure to ticks is the single most significant human risk factor
and the first line of defence against tick bites should be avoidance of
these areas completely or seasonally (during periods of high tick
activity), or where appropriate, control of the tick population. Given
the geospatial expansion of tick species, increasing human mobility
and encroachment into tick habitat, and the attendant expectation
that future interactions between humans and ticks are likely to
increase, vigilance and on-going monitoring is required as new and
extant tick-borne pathogens pose potential threats to public health.

3.2. Lyme disease knowledge

Lyme disease risk is magnified when individuals are not aware
of the risks, do not mitigate risks, are not familiar with infection
signs and symptoms, and do not know where to seek information
or support (Daltroy et al., 2007; Schwartz & Goldstein, 1990). It is
widely accepted that knowledge plays an important role in medi-
ating Lyme disease risk as it is a pivotal precursor to preventative
behaviour (Piacentino & Schwartz, 2002; Poland, 2001).
Herrington's (2004) national survey found that a majority of
Americans know about ticks and the risks they present to human
health. In the tourism and recreation context, Hallman et al. (1995)
found that over 80 percent of people surveyed at three state parks
in New Jersey reported knowing about Lyme disease and could
name at least one bite prevention strategy (Table 2). In recreational
and agricultural settings in Poland, Bartosik et al. (2011) found that
workers do not know about the health risks associated with ticks
and they are not protecting themselves against tick bites while at
work. In the forestry sector, Cisak et al. (2012) found that workers
possess only basic tick-borne disease knowledge. In France, a study
of nearly 3000 outdoor workers revealed that a majority would like
to have access to educational materials so that they can make

Table 2
Personal protection recommendations for preventing Lyme disease.

Avoid tick areas m» Become informed of the location of Lyme disease
endemic areas and outbreaks

Avoid tick habitat such as wooded and bushy areas
with high grass and leaf litter

Take extra precaution in the spring and summer —
high season for ticks in temperate regions

Walk in the center of trails and avoid the areas
where grass and woods meet

Contact the local health department for more
information

Avoid direct contact = Apply insect repellent with 20 percent DEET to skin
with ticks Apply Permethrin to clothing (kills ticks on contact

but is not recommended for direct skin application)

Wear long pants, sleeves, socks, and closed-toe shoes

Tuck in clothing

Wear light coloured clothing to make it easier to

spot ticks

Use tick medicine or collars on pets

Perform tick checks = Check your body, others, and pets for ticks after being
outdoors

Remove ticks before going indoors

Use proper tick removal technique — i.e. wear gloves
to avoid tick fluids, grab tick close to the skin with
tweezers and pull gently.

Wash your clothing in hot water immediately upon
going indoors

Bath or shower in hot water upon going indoors

Seek medical attention if a bite is suspected

Adapted: CDC, 2011.
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informed decisions about tick-bite prevention (Thorin et al., 2008).
It is difficult to draw conclusions on the basis of the limited study of
Lyme and associated tick-borne disease knowledge, but the litera-
ture suggests that knowledge varies geographically and although it
has not yet been correlated, it may be that knowledge is higher in
areas where Lyme and/or other tick-borne diseases are endemic
and therefore the risk is higher and investments in educational
interventions may be greater.

In the latter case, the science appears more developed and it
suggests that educational interventions do influence an individual's
Lyme disease knowledge. For example, Gould et al. (2008) evalu-
ated resident behaviours following an intensive community-wide
education program and found that 99 percent were aware of the
risks and were taking steps to prevent tick exposure. Gray et al.
(1998) assessed knowledge of Lyme disease among a sample of
students before and after an educational intervention and found
that general knowledge of ticks and Lyme disease improved. Jenks
and Trapasso (2005) found that knowledge of tick removal and the
signs and symptoms of infection improved following a one-on-one
educational intervention by a physician. Maher et al. (2004)
measured the impact of a Lyme disease education program for
children in the United States and found that participants had more
knowledge of ticks and more confidence in their ability to do a tick
check. Fox (2009) reports that individuals were more knowledge-
able about wearing protective clothing following an educational
intervention while knowledge of other personal protection mea-
sures was not significantly changed. This body of work provides
empirical evidence that the communication of objective and clear
messages about tick-borne disease and tick exposure can be
effective for increasing public knowledge as well as an individual's
ability to make informed decisions about personal protection.
Concomitantly, prevention investments specifically targeted at
increasing public knowledge are an important risk mediator
because knowledge can empower the individual to choose to
engage in personal protection behaviours. Not knowing about Lyme
disease is most certainly a risk factor for those living or visiting
endemic areas for work or leisure.

3.3. Personal protection behaviour

It is widely accepted in the health risk literature that behaviour
plays an important role in minimizing disease risk (Goldstein et al.,
1990). Behavioural modification related to lifestyle, hygiene, and
personal protection is the primary method for the prevention of
infectious diseases where prophylactics are unavailable. For
example, Noroviruses are the most common cause of epidemic
gastroenteritis on cruise ships and they are responsible for at least
50 percent of all gastroenteritis outbreaks worldwide (Goodgame,
2006; Hall et al., 2011). Hand hygiene (washing with soap and
water) is the single most important method for preventing infec-
tion and controlling transmission (Hall et al., 2011). To prevent
mosquito-borne infectious diseases such as Dengue fever and West
Nile virus, personal protection through the use of insect repellents
and the avoidance of outdoor activity during peak mosquito
feeding times is recommended in conjunction with community-
based chemical and biological control investments (Renganathan
et al., 2003). In the case of Malaria, the use of insecticide-treated
bed nets has been shown to minimize human-vector contact and
the incidence of infection by up to 50 percent (Choi et al., 1995).

In the absence of a Lyme disease vaccine for human use, the U.S.
Centers for Disease Control (2013a) recommends personal protec-
tion measures for avoiding tick bites and infection: (1) avoid tick
areas; (2) avoid direct contact with ticks; and (3) remove ticks from
your body (Table 2). If tick habitats cannot be avoided, there are
simple things that individuals can do to minimize the risk for tick

bites and pathogen exposure (see Table 2). Wearing protective
clothing mechanically decreases direct skin exposure and wearing
light-coloured clothing makes it more likely that the tick will be
detected and removed before it finds a feeding site (Garcia-Alvarez,
Palomar, & Oteo, 2013). Repellents containing DEET (N, N-dieth-
ylmeta-toluamide) applied to skin and permethrin-based in-
secticides applied to clothing have been shown to effectively
decrease the risk of tick bites and they are reasonably safe to use
(Patey, 2007; Piesman & Eisen, 2008). Recently, Vaughn et al. (2014)
evaluated the protective effectiveness of factory-based and long-
lasting permethrin (insecticide) treated uniforms among a cohort
of outdoor workers in North Carolina. The incidence of work-
related tick bites reported by the treatment group was signifi-
cantly lower than the control group and the treated uniform pre-
vented 95% of tick bites. The results indicate that long-lasting
permethrin impregnated uniforms can be highly effective for de-
terring tick bites for up to one year.

If a tick bite should occur, the tick should be removed using the
proper technique of grabbing the tick close to the skin and pulling
gently upward with tweezers (tick removal guide: http://www.cdc.
gov/ticks/removing_a_tick.html). The tick should be saved in a
sealed container and provided to a physician for testing when the
victim seeks medical attention (Due, Fox, Medlock, Pietzsch, &
Logan, 2013; Garcia-Alvarez et al., 2013). In this regard, knowing
the early signs and symptoms of infection are important for early
diagnosis and treatment (Symptom guide: http://www.cdc.gov/
ticks/symptoms.html). It is important to note that not all bites
will result in infection because not all Lyme disease transmission-
capable ticks carry the pathogen. And, the public health risk for
Lyme disease is affected by spatiotemporal patterns of the tick
vector, its life stage, preferred host species (i.e. mice, deer), as well
as seasonality, climate, and a range of other environmental factors
(Adelson et al., 2004; Diuk-Wasser et al., 2006; Ostfeld et al., 2001;
Qui, Dykhuizen, Acosta, & Luft, 2002; Schulze, Jordan, Schulze,
Mixson, & Papero, 2005).

It is equally important to note that while numerous personal
protection strategies have been recommended by public health
authorities (Table 2), they vary in cost, acceptability, and effec-
tiveness, and their uptake has been universally poor (Corapi et al.,
2007). Research in areas where Lyme disease is endemic has
demonstrated that despite adequate knowledge about its symp-
toms and transmission, individuals are not taking action to protect
themselves from the risk of infection. In the tourism and recreation
context for example, Hallman et al. (1995) reported that over 80
percent of visitors surveyed in New Jersey state parks could name at
least one tick bite prevention measure but a majority (60 percent)
took no precautions. Shadick, Daltroy, Phillips, Liang, & Liang (1997)
study of residents and visitors to Martha's Vineyard in Massachu-
setts found that knowledge about Lyme disease alone was not a
predictor for protective behaviours and visitors were less likely to
protect themselves than residents. A similar study conducted ten
years later found that visitors to Nantucket (located next to Mar-
tha's Vineyard) were significantly more likely to take precautions
when visiting if they had been exposed to a Lyme disease education
program while on the ferry to this island destination (Daltroy et al.,
2007). In the United Kingdom, a study of early Lyme disease pa-
tients found that participants were more likely to perform tick
checks, monitor for symptoms, and seek medical attention after a
countryside visit (i.e.) rather than take precautions before and
during the potential exposure (Marcu, Barnett, Uzzell, Vasileiou, &
Susan, 2013). Those who regularly frequented the countryside were
the least likely to perform during-visit precautions (Marcu et al.,
2013). Herrington's (2004) national survey of Americans found
that despite knowing about Lyme disease risk, a majority (60
percent) of those surveyed were not taking action to prevent tick
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bites. Conversely, Gould et al.'s (2008) study of knowledge, atti-
tudes, and behaviours of Connecticut residents — a highly endemic
area of the United States, found that 84 percent knew some to a lot
about Lyme disease, 56 percent felt they were very or somewhat
likely to get Lyme disease in the coming year, 99 percent used
personal protective behaviours to prevent Lyme disease, and 65
percent reported using environmental tick controls (e.g. pesticide
application on personal property).

In the occupational context, “Adherence to National Institute for
Occupational Safety and Health-recommended tick bite prevention
methods is poor” in the United States and the same is suggested in
the literature for other parts of the world (Vaughn et al., 2014: 473).
In Poland for example, Cisak et al. (2012) found less than 30 percent
of the forestry workers they surveyed were practising tick-bite
prevention. Bartosik et al. (2011) found that high-risk workers do
not possess knowledge of the potential consequences of a tick bite,
are unlikely to take protective measures beyond insect repellent
application, and those from urban areas were less likely to protect
themselves. The mixed results from the study of residents, visitors,
and outdoor workers suggest that a variety of factors are influ-
encing the adoption of personal protection and that more research
is needed to better understand how they vary spatially, temporally,
socioeconomically, or otherwise (Bayles, Evans, & Allan, 2013).

A limited number of controlled trials have attempted to
empirically measure the relationship between knowledge, tick-bite
prevention, and seropositivity (laboratory confirmed measure of
infection). Daltroy et al. (2007) conducted a randomized trial of a
Lyme disease educational program whereby approximately 30,000
visitors to Nantucket - a high-risk area in Massachusetts, were
provided with educational materials before arriving. After their
visit, study participants reported their tick-bite prevention while in
Nantucket and provided a blood sample for serological screening.
The study found that visitors who were knowledgeable about Lyme
disease were significantly more likely to practice tick-bite preven-
tion during their visit and were also significantly less likely to be
infected with Lyme disease during their stay. At 2 months post visit,
144 participants self-reported that they had been infected with
Lyme disease and 43 of these were confirmed by physicians. The
analysis showed lower rates of self-reported illness among those
who received educational materials and long-term visitors (>2
weeks) were more likely to have lower relative risk than short-term
visitors. Similarly, Malouin et al. (2003) assessed the impact of a
Lyme disease educational campaign in Maryland and found a sig-
nificant difference between the intervention and non-intervention
control group in terms of knowledge and the self-reported use of
prevention methods but no significant serological difference be-
tween groups was observed. In their study of outdoor workers in
New York State, Schwartz and Goldstein (1990) found that when
workers were knowledgeable and they practised personal protec-
tion, the occupational risk for Lyme disease infection was signifi-
cantly diminished (as measured by tick exposure odds ratios). A
recent study looked at a variety of environmental and behavioural/
personal risk factors for seropositivity and found that exposure and
age were associated with positive Lyme serology and wearing
protective clothing was significantly associated with negative
serology (Finch et al., 2014).

This lean body of literature suggests that taking action to pre-
vent tick bites before, during, and after visiting a natural and/or
known tick area (see Table 2) can be effective for preventing Lyme
disease and that knowledge is a precursor to the adoption of per-
sonal protection behaviours (Beaujean, Bults, van Steenbergen, &
Voeten, 2013). This finding is congruent with theoretical explana-
tions found in the health education literature. The Health Belief
Model was one of the first theories of health behaviour and it re-
mains one of the most widely recognized and applied in the field.

The model suggests that an individual's readiness to take action, is
influenced by their beliefs about their susceptibility to a health
threat, perceptions of the benefits of taking action to prevent it
versus the perceived barriers to taking action, and confidence in
their ability to take action (self-efficacy) (Rosenstock, 1974). This
model has been used to better understand an individual's decision-
making and behaviours related to infectious disease risk (e.g. Glanz,
Rimer, & Viswanath, 2008; Harrison, Mullen, & Green, 1992; Janz &
Becker, 1984) and recently it has been shown to be useful for un-
derstanding the grey area between tick-borne disease knowledge
and personal protection behaviour (e.g. Bayles et al, 2013;
Beaujean, et al., 2013). In the same vein, the theory of planned
behaviour posits that behaviour can be deliberative and planned
and that an individual's attitude toward a behaviour, the perceived
control they have over a behaviour, as well as normative beliefs and
subjective norms act to shape an individual's behaviours (Ajzen,
1991, 2002). Theory of reasoned action suggests that a person's
behaviour is determined by his/her intention to perform the
behaviour and that this intention is, in turn, a function of his/her
attitude toward the behaviour and his/her subjective norm
(Fishbein & Ajzen, 1975). The difference between these two the-
ories being that the former suggests that attitude and control are
predictors of behavioural intention and action while the later
suggests behavioural intention is the most important determinant
of behaviour (Madden, Ellen, & Ajzen, 1992). While knowledge
about a health threat is a precursor to an individual's transition
from knowledge to action, there are numerous theories and models
that posit a variety of factors to explain the adoption [or not] of
health risk prevention behaviours. Concomitantly, it must be
acknowledged that theories such as these do not capture or model
the complexity of behavioural change in the context of health and
wellbeing. If it were a simple equation (e.g. increased knowledge of
health risk = behavioural change), then nearly everyone would lead
healthy lifestyles, they would protect themselves against health
risks, and many illnesses would be non-existent. However, it is not
as simple as a linear or causal relationship and there are many
factors that affect health behaviour. For example, Marcu et al.
(2013) and Beaujean et al. (2013) report that individuals don't
comply with tick bite prevention recommendations because they
interfere with their enjoyment of the outdoors (e.g., they refuse to
wear long clothes on a hot day), they believe the risk of tick bites is
low (perceived susceptibility), they do not believe that the rec-
ommendations are effective (e.g., insect repellent does not always
prevent bites), and they are not confident in their ability to identify
a tick or a tick bite. In this case, an improved understanding of the
individuals and segments at risk for Lyme and other tick-borne
diseases as well as the factors that do or do not influence their
behaviours is needed to inform the development of targeted and
tailored public health interventions (Bayles et al., 2013; Beaujean
et al., 2013; Mowbray et al., 2012).

4. Tourism management implications and recommendations

The epidemiological evidence is strongly indicative of a cause-
effect relationship between tick exposure and Lyme disease infec-
tion. Although the science is embryonic when it comes to the
relationship between knowledge, personal protection behaviour,
and Lyme disease risk, it certainly suggests that these factors can
act as risk moderators and mediators. Short of major changes in tick
ecology, vaccine availability, tick control, and human behaviour,
predictive models suggest that Lyme disease will continue to be a
public health threat in an increasing number of areas around the
world. When we examine this issue through a tourism lens, it is
clear that Lyme disease is posing a real and growing threat to both
supply and demand in endemic and emergent areas of the world.
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Decisions regarding the primary prevention of vector-borne
diseases such as Lyme disease are as a matter of course, made at
the national, state, or regional level and do not involve tourism
industry stakeholders but should. In the past, a plethora of methods
for large-scale Lyme disease prevention including vaccines, bio-
logical and chemical tick control methods have been adopted by
government agencies at a variety of scales (Garcia-Alvarez et al.,
2013). In 1998, the United States Federal Drug Administration
(FDA) approved the LYMErix™ vaccine and the CDC Advisory
Committee on Immunization Practices (ACIP) recommended
vaccination for those living in high risk areas (Nigrovic &
Thompson, 2007). Although it was shown to reduce new in-
fections in vaccinated adults by 76 percent, the manufacturer
voluntarily withdrew the product from the market in 2002 amidst
reports of side-effects, a government investigation, a class-action
lawsuit, negative media coverage, and declining sales (Nigrovic &
Thompson, 2007). In the absence of a human vaccine, a variety of
chemicals have been used to reduce the overall tick population but
the effect has proven short-lived, their use impractical on a large-
scale basis, and chemical resistance has been observed in tick
species (George, 2006). Wildlife management has been explored as
a less-toxic alternative but attempts to limit the primary host
population through hunting, landscape modifications, and move-
ment restrictions (e.g. fencing) have produced mixed results and
they too are impractical on a large-scale basis (Heymann, 2008;
Piesman & Eisen, 2008). While these interventions may have
blunted the tick population and pathogen lifecycle, “they have
clearly not been sufficient to lower the number of [Lyme] cases, and
the epidemic continues to gain momentum” (Hayes & Piesman,
2003: 2424). Given that these efforts have not yet achieved the
desired end, Willadsen (2006: 161) argues that “The achievement
of the full potential of vaccination, the application of biocontrol
agents and the coordinated management of the existing technol-
ogies all pose challenging research problems.” With an eye to the
future, scholars are expressing hope that the development and
application of new scientific tools and technologies (i.e. molecular
techniques) will have the capacity to revolutionize tick control
methods and policies into the future or better yet, they will man-
ifest an effective human vaccine (Garcia-Alvarez et al., 2013;
Sonenshine, Kocan, & de la Fuente, 2006; Willadsen, 2006).

In the absence of such a vaccine or other suitable prophylactic
and effective tick control methods, Piesman and Eisen (2008: 336)
argue that Lyme disease education is the single most important
area in which public health agencies, employers, and other stake-
holders can invest to reduce the burden of infection. They argue
that the next logical step in prevention is to “Ensure ready access to
objective information empowering the individuals de facto
responsible for control of ticks and tick-borne diseases to make
rational and informed decisions regarding their personal risk of
exposure to tick-borne pathogens and to take appropriate actions
to mitigate risk of tick bites and pathogen exposure.” In the United
States for example, the CDC has an active tick-borne disease pre-
vention program with a dedicated focus on Lyme disease and many
state health agencies have developed similar public health educa-
tion programs. However, they fail to account for the unique char-
acteristics of tourists who may not be familiar with the local area
and health risks, and they are unlikely to know where to seek local
health risk information. The implications are such that the tourism
industry and the tourists upon which it depends are left vulnerable
to the real and perceived risk of Lyme disease.

Perhaps it is best that disease prevention be left in the hands of
public health experts, but this does not negate the role that tourism
bodies can play, in partnership with public health and other orga-
nizations, to address the growing Lyme disease problem in many
parts of the world. It is recommended that tourism industry

associations, destination management organizations (DMO), and
convention and visitors bureaus (CVB) for example, represent the
industry's unique interests, characteristics, needs, and concerns in
the public health decision-making forum at national, state, and
regional levels (e.g. form a task group). And it is important that
these same industry stakeholders assume a leadership role in the
dissemination and operationalization of any public health in-
terventions that affect those providing travel and tourism services
and those consuming them.

When considering the day-to-day management of tourism in
high-risk destinations and emergent areas for Lyme disease,
Parsons (1996) and Pennington-Gray et al. (2009) recommend that
managers take a proactive rather than reactive management
approach to potential health threats so that they can mitigate the
risks and deal with the threat more effectively. Ritchie (2004) and
Pennington-Gray, Thapa, Kyriaki, Cahyanto, and McLaughlin (2011)
recommend the development of a multi-phase management plan
to help destinations and/or attractions, accommodations, and other
servicing businesses avoid or limit the severity of the threat's
impact on supply and demand. The plan should address: (1) how to
prevent the threat, (2) what to do in the event of, and (3) how to
recover. In the later cases, generalizable tourism crisis management
guidance is available in the literature (e.g. Faulkner, 2001; Ritchie,
2004; Young & Montgomery, 1997).

In the specific Lyme disease context, it is strongly recommended
that tourism managers become informed and take action to protect
visitors and employees from the risk of acquiring Lyme and other
tick-borne diseases. Public health authorities should be consulted
about the risks for tick-borne disease in the area and any potential
“hotspots” for high tick activity and disease risk should be identi-
fied and marked. For example, brochures could be provided to
visitors upon entry into state or national parks and warning signs
could be posted at trail heads, picnic areas, or other high human
activity areas where the risk for a tick encounter exists. Similarly,
park managers could provide brochures and workshops to em-
ployees so that they can be made aware of the risks and the ways to
protect themselves and park visitors. In endemic areas, travellers
arriving by air or ferry or other could be provided with an infor-
mative pamphlet in arrival, departure, or visitors centres. Public
health authorities and local pest management experts should be
consulted when making tick control decisions at tourism attrac-
tions so as to avoid costly, illegal, or harmful mistakes. Where it is
feasible or appropriate, tourism managers should seek out a bio-
logical tick control expert to recommend strategies for tick and/or
wildlife control (e.g. deer fencing). For example, removing leaf litter
and cutting back tall grass and brush in high human activity areas is
a simple and low cost way to reduce ticks and tick encounters in
tourism destinations.

It is also recommended that tourism management stakeholders
seek out educational materials from public health authorities and
make them available to employees and visitors. In the United States,
the CDC has a free toolkit that includes downloadable fact sheets in
English, Spanish, and Portuguese and pamphlets and trail signs can
be ordered free of charge (http://www.cdc.gov/lyme/toolkit/index.
html). In Michigan, the public health authority has made available a
downloadable fact sheet entitled “Preventing Lyme disease in rec-
reational camp settings” that provides recommendations for staff
and visitor protection (http://www.michigan.gov/documents/
emergingdiseases/camp_guidelines_321958_7.pdf). The California
Department of Public Health has developed an interactive website
to provide information about infected ticks as part of its statewide
vector-borne disease surveillance program. The data on the map
represents ticks collected and tested by the California Department
of Public Health as well as vector control and public health agencies
in the state (http://cdphgis.maps.arcgis.com/apps/SocialMedia/
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index.html?appid=8d99fb1135d1424f9d8a8711acb7d459).  This
website is a useful model for developing publicly available risk
maps for tick-borne diseases in other areas of the world. Tourism
managers can provide invaluable information to surveillance pro-
grams such as the one in California by reporting tick encounters
and providing ticks collected in and around tourism attractions to
the local authorities for testing. This information is valuable
because it can inform public health authorities about emerging
outbreaks and it is a pragmatic way in which the tourism industry
can take an active role in the monitoring of tick-borne diseases on a
local-to-global scale.

The World Health Organization (2012) published the Interna-
tional Travel and Health book and it contains authoritative infor-
mation about the geographical distribution, risk for travellers, and
recommended precautions for Lyme disease and a myriad of other
health risks (http://www.who.int/ith/en/). On a biannual basis, the
CDC (CDC & Brunette, 2013) publishes Health Information for In-
ternational Travel or the “Yellow Book” as it is commonly known
(http://www.cdc.gov/features/yellowbook). While it is written
primarily for health practitioners, international corporations,
volunteer organizations, travel industry professionals, and travel-
lers often refer to this book for recommendations for addressing
health risks and international travel. Making the aforementioned
resources available to employees and visitors by providing copies
onsite or sharing the web links to these multimedia resources
would enable access to authoritative information before, during,
and after travel. Tourism managers can use existent resources such
as the ones mentioned and/or they can invest in the development
of their own communication plan and tools so as to account for the
unique risks, visitor or employee demographics, or other conditions
specific to their site. For example, Rocky Mountain National Park
developed a downloadable brochure that details the health risks
and unique ecology associated with ticks in the park (http://www.
nps.gov/romo/planyourvisit/upload/ticks_2008.pdf). It is also rec-
ommended that an occupational risk workshop or training module
be offered so as to improve employee knowledge of the risks and
the action they can take to prevent the disease and educate visitors.

It must be stressed that regardless of the intervention, whether
it be tick control or educational programs, tourism management
stakeholders should consult and collaborate with travel health
experts and public health authorities if we are to make any gains in
tackling this health and safety issue. There is a role for tourism and
it is recommended that tourism stakeholders partner with appro-
priate agencies and organizations, become active in local surveil-
lance efforts, and co-develop educational or other interventions.
This breadth of expertise and perspective is required for addressing
and yielding positive results with respect to the complexity that is
Lyme and tick-borne disease control.

5. Conclusions and future research needs

This paper has critically reviewed and synthesized the literature
concerned with Lyme disease and three human risk factors have
been identified. Exposure was confirmed to be the only prognostic
factor for infection while knowledge and personal protection
behaviour were identified as mediating risk factors. The review
noted that the research concerned with these risk factors is lean
albeit evolving and there is much to be learned from all relevant
scientific domains from anthropology, to entomology, to pathology,
to zoology. By extension, there is a lot of work required to translate
science into real-world solutions. Piesman and Eisen (2008: 336)
state this future research need succinctly: “Academic research on
tick-borne diseases must be brought into the real world and
effective methods for the prevention of tick-borne disease must be

made cheap, easy, and safe.” Research funding is best spent
developing a vaccine but until such a vaccine is deemed safe for
widespread use or an effective tick control method is developed,
research concerned with the aforementioned risk factors is needed
to better inform public health interventions targeting the minutiae
of human behaviour.

In the tourism context, we must first expand beyond our
geographical understanding so that we can better understand the
spatial reach of Lyme disease and destinations at-risk. Risk maps
are commonly used as a decision support tool by public health
agencies, the medical community, and those who are tasked with
protecting individual or community health. While the CDC (2010)
makes an updated national risk map (Based on surveillance data)
available every few years, there is much for the tourism industry to
learn from the fine-scale surveillance and mapping of disease
epidemiology, tick populations, human behaviour, and the envi-
ronment. As previously stated, tourism managers can play an active
role in disease surveillance by monitoring and reporting what is
happening on the ground at tourism attractions and destinations.
In the global context, understanding has been constrained by
research primarily focused on North America and Europe. Future
research should focus on other endemic and emergent areas of the
world. Specific attention should be paid to destinations where
nature-based activities are the primary touristic attraction as the
potential impact of Lyme and other tick-borne diseases could be
significant for destination sustainability.

Research is also needed to better document and predict the scale
and scope of the Lyme disease risk associated with human activities
and behaviours. In completing this review, it is apparent that
behavioural research is an important but inadequately studied
aspect of Lyme disease prevention. Activity-based risk research has
focused on outdoor activities generally and outdoor work and
outdoor recreation specifically. Future research should focus on
identifying differences, if at all, between different kinds of outdoor
work and/or outdoor recreation activities. Insight into these dif-
ferences would certainly help tourism managers categorize the
risks and plan accordingly. Decisions concerning personal protec-
tion against Lyme disease are made at the individual level yet little
is known about perceptions of risk and other potential catalysts for
protective behaviour. Future research should focus on identifying
unknown factors and better understanding known factors as well
as their influence on an individual's choice to engage in protective
behaviour. In the tourism context, the catalyst(s) may be different
between the general population, tourists, and outdoor workers and
this certainly requires research investments if the industry is to
plan a response.

Future research should also be concerned with improving our
very limited understanding of the impacts that Lyme disease is
having on the tourism industry. Based on this review, we can sur-
mise that it is having an impact on employee health, travel choices,
and the economic sustainability of tourism in endemic areas but
empirical research is needed to identify the scale and scope of past,
present, and future impacts. Theoretically driven research is
needed to improve our knowledge of the relationships between
public health, tourism, and the natural environment so that tourism
management stakeholders can be empowered to be active agents in
evolving and transdisciplinary efforts to prevent, manage, and
recover from Lyme disease outbreaks.
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